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Abstract Synergistic effects between various stressors on
native biodiversity are poorly understood, especially
adverse synergisms between different invasive organisms.
While it is known that alien trees and the invasive
Argentine ant Linepithema humile individually impact
indigenous ant assemblages, little is known about how the
impacts of these two types of aliens have a joint effect, and
even less about the temporal dynamics of this interaction.
We found that the Argentine ant benefited from invasion by
alien trees through creation of less extreme environmental
conditions at the hottest and coolest times of the year. We
also found that the impacts of the two types of aliens were
synergistic on the native ant assemblage. However, this
synergistic impact also varied in intensity throughout the
year, especially so in the more open natural sites. The alien
tree canopy, when dense, created more constant environ-
mental conditions throughout the year, leading to more
constant Argentine ant levels and consequently more even
impacts on the native ants. The various native ants varied
considerably in their response to the impacts of both types
of aliens, with many formicine ants being particularly
sensitive. Our results show that the synergistic impacts,
both negative and positive, of the two alien types are
particular to each native ant species. Furthermore, the
intensity of the adverse synergism is highly variable across
the year.
Keywords Alien ant  Invasive alien plants  Synergistic
effects  Indigenous fauna  Biodiversity hotspots 
Cape Floristic Region
Introduction
Alien trees and invasive ants, especially the Argentine ant
Linepithema humile, are known individually to impact
indigenous ant assemblages. This may be through compe-
tition for food resources (Luruli 2007). Argentine ants
significantly reduce the foraging success of native ants
(Human and Gordon 1996a, b, 1999), thus reducing native
ant abundance and in severe cases can lead to the collapse
of ant-plant mutualisms (Bond and Slingsby 1984). Those
species most easily displaced appear to be myrmecochor-
ous species. Furthermore, the Argentine ant is unable to
replace the myrmecochorous function in Mediterranean
habitats (Gómez and Oliveras 2003). In addition, the dis-
placement of native ants by the Argentine ant has an effect
at various trophic levels (Holway et al. 2002). In turn, alien
trees have had a large impact on indigenous ecosystems,
including the Cape Floristic Region (CFR) (Higgins et al.
1999; Holmes et al. 2000; Richardson and van Wilgen
2004). Dense alien tree canopies create shady conditions,
and in doing so, decrease temperatures, change leaf litter
type, depth and quality, and alter soil moisture and struc-
ture (MacDonald et al. 1985). The changing environmental
factors from alien trees can also change the composition of
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arthropod assemblages (Donnelly and Giliomee 1985;
Samways et al. 1996), as well as influence indigenous
insect behavioural responses (Kinvig and Samways 2000;
Lawrence and Samways 2002).
The CFR due to its extremely high beta and alpha
diversity within a small geographic extent relative to other
biomes world-wide has given it ‘hot-spot’ status (Myers
et al. 2000). Skaife (1961) noted the Argentine ant had
already invaded the Cape by the 1920, but had become
widely distributed by the 1960, having in the process
locally displaced Pheidole megacephala in some areas of
the Cape. In addition the impact of the alien ant and also
that of alien trees, especially Pinus spp. has also impacted
on the native biota. With so many adverse factors, it
becomes necessary to study whether there are any inter-
active effects, or synergistic impacts, on invertebrate
communities and assemblages.
Schoeman and Samways (2011) studied the effect that
the Argentine ant and pine have on indigenous ants. That
study however, was only spatial, and had no temporal
component. We found that pine significantly reduced
native species richness, while the Argentine ant reduced the
abundance of many species of ants and completely dis-
placed species of Pheidole and Camponotus where they
occurred. We concluded that an interaction takes place
between invasive alien plants and the invasive Argentine
ant in variously reducing many native ant species.
Having surveyed native ant communities at four levels
of vegetational disturbance, we hypothesize that there is an
interaction between alien ants and alien trees, which could
be synergistic (Schoeman and Samways 2011). Our evi-
dence suggested that the interaction between the two types
of invasive organisms was not a simple relationship, but as
well as having a changing spatial relationship also
appeared to change in interaction strength over time. We
investigate this further and (1) hypothesize that the syner-
gism is not the same throughout the year, and that (2)
native ants would react differentially throughout the year
depending on the strength of the interaction between
invasive trees and the Argentine ant.
Methods
We assessed here the temporal effects of alien trees and
other vegetation types on the local ant fauna, with
Argentine ant abundance per sampling unit also included as
an environmental variable in our data analyses. Site areas
were also classified a posteriori based on presence of the
invasive trees and ants, separately and acting together at
different times of the year. In doing so, we aim to gain
some insight into the dynamics of the argentine ant and
invasive alien pine on native ant richness and assemblages.
Sampling
Four basic disturbance levels were used in this study,
ranging from undisturbed natural fynbos (N) (a fine-leaved
heathland) or renosterveld (R) (a bushy heathland) (Mucina
and Rutherford 2006) to partially disturbed vegetation
containing some alien pines (Pinus spp.) (PN), and then to
greatly disturbed vegetation in terms of complete invasion
by alien Eucalyptus spp., blue gums (CI). We selected ten
sites for this study, a continuum from undisturbed to fully
disturbed, with five being in natural vegetation and the
other five being disturbed. Invasion levels however, dif-
fered within the study areas with some being more invaded
than others, and one of the natural sites for instance
adjoining an invaded area.
The surface-active ant fauna was sampled using pitfall
traps, an approach for comparative sampling of ants
(Boonzaaier et al. 2007). Each trap was a plastic container,
12 cm deep, with a lip diameter of 9 cm. A plastic cup, with a
lip that could fit around the circumference of the container,
was used for easy placement and removal. The liquid pre-
servative in the traps was ethanidiol, which is relatively safe,
does not attract or repel ants (owing to its lack of odour) and
partially preserves the sampled insects (Agosti et al. 2000).
Excess ethanidiol was poured off each trap, and samples
washed with water, then 70 % ethanol, and stored in jars with
70 % ethanol, making them ready for sorting. Specimens
were sorted to species, and the voucher collection housed in
the Entomology Museum, Stellenbosch University.
Each trap set was left set for seven days per sampling
season. There were four sampling seasons: early summer
(December 2005), late summer (February 2006), winter
(May 2006) and spring (September 2006). Six sampling
units (SUs) (the units here for statistical analysis) were
selected within each of the ten sites. The SU’s were spaced
in such a way as to fully represent the habitat heterogeneity
of each site. The SUs were spaced between 30 and 50 m
apart from each other, far enough to have reduced chance
of capture of ant individuals from the same nest, yet not too
far to invoke issues of the high beta diversity in the CFR
(Pryke and Samways 2008). Each SU was four pitfall traps,
spaced 1 m from each other, forming a square. Thus, the
total number of pitfall traps was 240 (10 sites 9 6 SUs 9 4
pitfall traps), and a total of 960 pitfall traps were processed
(240 traps 9 4 seasons). Data from the four pitfall traps
making up one unit were added together to make one SU
for data analyses. Thus, there were 60 SUs for analyses (i.e.
60 columns in the species/SU data matrix).
Environmental variables
To the species-by-sample data matrix, with each SU being
a column, were added the following environmental
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variables (EVs): upper canopy shading (measured in per-
centage shading on the ground), leaf and organic matter
depth (measured in centimetres), leaf and organic matter
cover (measured in percentage area of pitfall quadrant),
elevation (using a geographic positioning system (GPS)
and measured in meters above sea level), degree of
naturalness (Table 1), vegetation type (as per Kent and
Coker 1992) (Table 1), and importantly, Argentine ant
abundance.
Data analyses
Species accumulation curves were constructed using Esti-
mateS (Colwell 2005) for early summer, late summer,
winter and spring. EstimateS is a species richness analyt-
ical package that gives an indication of how thoroughly the
assemblage has been sampled. Average species richness
was calculated for each of the four disturbance types
determined a priori from plant invasion (as we did not
know at the start the level of Argentine ant disturbance for
each site) during the four different seasons, and standard
errors plotted on the graph. SUs were then grouped a
posteriori as (1) invaded by invasive pine and gum, as well
as the Argentine ant (IAP ? IAA), (2) invaded by pine and
gum only (IAP), (3) invaded by the Argentine ant only
(IAA), and (4) completely un-invaded by either the alien
plants or the ant (UIN). As there was little variation in
standard error, the treatments were compared using
ANOVA One-factor analysis. We also constructed an a
posteriori table (Table 2) showing the abundances of the
different species during the sampling seasons. Post hoc
tests were done to test for significance between different
treatments using Tukey’s test to determine which a poste-
riori treatments were statistically significantly different (R
Development Core Team 2013).
We then determined which EVs were influencing native
ant species richness and abundance. For this, multivariate
analysis of ant abundance data was done. Firstly, detrended
correspondence analysis (DCA) was performed to deter-
mine which analysis would be used (Lepš and Šmilauer
2003). Ordination of ant data with EVs was then under-
taken, using canonical correspondence analysis (CCA) in
the CANOCO software program. A Monte-Carlo permu-
tation test was also conducted to explain the CCA variation
and to show the statistical significance of the EVs, and the
significance of the 1st and both axes together in explaining
the variation found in the ordination diagram (Lepš and
Šmilauer 2003). Scaling was selected based on species
distances, as the ordination diagrams illustrated the sepa-
ration of species well, as explained by some of the mea-
sured EVs. CCA ordination diagrams were used to display
the overall distribution patterns underlying species and
disturbance type, as explained by the EVs and are here
included in the supplementary section of this paper (Sup-
plement 1).
As this was a study of synergism between alien trees and
the Argentine ant on indigenous ant assemblages, Argen-
tine ant abundance, SU level of tree invasion and native ant
species richness were analysed in a generalized linear
model on R (R Development Core Team 2013), with
argentine ant abundance (square rooted) as the independent
variable and native richness as the dependent variable.
Each SU was classified based on level of invasion and
scored: Invaded (CI), 3; partly invaded (PN), 2; and not
invaded (N and R), 1. The aim was to determine whether
there was a positive or negative relationship between
Argentine ant and alien plant invasion in order to test for a
synergism with level of dominance by alien plants.
Results
Species sampled
Thirty species and 2,990 ant individuals were sampled
during early summer; 34 species and 3,110 individuals
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sampled during late summer; 30 species and 3,383 indi-
viduals sampled during winter; and 30 species and 1,710
individuals were sampled during spring. The species
accumulation curves reached near asymptotes for each of
the four sampling periods, indicating adequacy of sampling
during discrete sampling seasons. However, as we used
pitfall sampling and no other sampling methods, the whole
actual ant assemblage may still be under represented.
Nevertheless, the data were adequate for the comparative
studies being undertaken here.
Temporal changes in native ant species richness
The number of species of ant sampled per season varied,
with mean species richness strongly reflecting the four
disturbance levels, with the alien vegetation generally
poorer in species richness than the indigenous vegetation
(Fig. 1). All treatments, with the exception of the highly
invaded sites, showed a slight drop in species richness
from late summer to winter. Richness then increased
between winter and spring. The most species rich time of
year was summer.
A posteriori treatments of species richness
ANOVA results for the four disturbance types (IAP ?
IAA, IAP, IAA, and UIN) (Table 2) showed that differ-
ences in species richness between SUs were significant
(P \ 0.05): early summer (P = 0.0028), late summer
(P = 0.0023), winter (P = 4.25 9 10-7) and spring
(P = 0.00018). During early summer and winter, un-
invaded natural vegetation had higher species richness than
any other vegetation type. However, late summer and




































































































































































































































































































































































































































































































































































N PN R CI
Fig. 1 Changes in ant species richness across four seasons in habitats
with four different levels of disturbance: natural fynbos (N), fairly
natural renosterveld (R), natural vegetation with some invasion by
pine trees (PN), and where alien trees dominate (CI)
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abundance were higher in native ant species richness than
other disturbance types, although completely un-invaded
sites still had high native ant species richness. Completely
invaded sites, where the interaction between the invasive
organisms (tree and ant) would be expected to reduce
native ant richness to a few cryptic or highly tolerant
species were lowest in native ant species richness and
abundance in late summer and in winter (Table 2) (see also
supplement 2).
Tukey’s post hoc test showed that there were significant
differences in native ant species richness and abundance;
but this depended on the season, where for instance no
significant differences in native ant richness or abundance
during the late summer were found, but there was in most
cases a significant difference between uninvaded and
invaded treatments, especially for winter, where argentine
ants had a most significant impact on native species but did
not appear to have any effect during early summer. The
greatest differences were found between the natural repli-
cates and replicates that were only invaded by woody alien
plants (Table 2) (see also supplement 2).
Monte Carlo tests for significance of EVs upon the
native ant assemblages were significant for early summer
(P = 0.02), late summer (P = 0.002), winter (P = 0.002)
and spring (P = 0.002). Naturalness and vegetation type
were the most significant EVs determining the composition
of the native ant assemblages across the seasons
(P = 0.002). Elevation was also a significant variable
(early summer P = 0.016; late summer and winter
P = 0.004; spring P = 0.008). Leaf litter cover, depth and
shading did not play a significant role in affecting ant
species composition, with the exception of leaf litter cover
during spring (P = 0.036).
Argentine ant abundance had an impact on native spe-
cies diversity according to the Monte-Carlo permutation
test from the CCA. Early summer (P = 0.012, F = 2.22)
and winter (P = 0.032, F = 2.61) showed significant
impacts, while for late summer (P = 0.706, F = 0.58) and
spring (P = 0.18, F = 1.37) there were no significant
impacts. The Pearson product moment correlation coeffi-
cient showed that the above impacts were not significant
when the Argentine ant did not correlate with indigenous
ant abundance for late summer (r = 0.122) and spring
(r = 0.007). The Argentine ant correlated significantly
with indigenous ant abundance. This was positive in early
summer (r = 0.763) but negative in winter (r = -0.057)
(Table 4).
Generalized linear modelling
Although native ant species richness is significantly
affected by plant invasion, the generalized linear model
(Fig. 2) showed that there was no synergism between
Argentine ant and invasion level between different treat-
ments (P = 0.15–0.37) on native ant species richness. For
instance, Argentine ant invasion had no effect on native ant
species richness at natural sites (P = 0.15), although the
model shows a weakly negative association (z = -1.418).
Although we hypothesized that there is a synergistic effect
on native species richness, it appears that specific species
are affected seasonally by the interaction between the
Argentine ant and woody plant invasion.
Discussion
Different ant taxa distribute in ecosystems in different
ways, based on their colony founding mechanisms
(Hölldobler and Wilson 1990). Invasive alien vegetation
can disrupt these mechanisms by acting as barriers to dis-
persal (Samways et al. 1996). Many species of ants,
especially in the Formicinae, are unable to establish colo-
nies within these heavily invaded stands because of chan-
ges in fynbos plant species composition, shading, leaf litter
depth and type, and changes in temperature (Donnelly and
Giliomee 1985; Schoeman and Samways 2011). However,
the situation is more complex than this, because not all
alien stands are devoid of natural vegetation, with some
understory plants persisting. Nevertheless, there is a
reduction in environmental gradients in invaded areas
(Tilman 2004), with a consequent reduction in niche dif-
ferentiation leading, in our case, to a decrease in native ant
species richness. This is one of the reasons why alien tree
stands are an important source and conduit for Argentine
ant invasions, through new nests appearing by colony
budding (Holway et al. 2002). Indeed, the Argentine ant is
distributed in alien tree stands in a random way due to the
decrease in niche differentiation in invaded stands,
Fig. 2 Generalized linear model fit of replicates from natural,
partially invaded and invaded sites. Richness was fitted onto the
Y-axis, and Argentine ant (square rooted) onto the X-axis. Filled
circles, Filled triangles and open circles represent replicates from
natural, partially invaded and invaded sites respectively
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combined with the colony founding mechanisms of the ant
(Holway et al. 2002; Giraud et al. 2002; Tilman 2004).
This further decreases native ant diversity in alien stands
through indirect competition and pre-emptive removal of
food resources (Donnelly and Giliomee 1985; Human and
Gordon 1996a, b, 1999). In natural sites that are un-inva-
ded by alien trees, the Argentine ant removes eleiosome
bearing seeds, without burying them, leading to a slow
change in fynbos plant community composition (Botes
et al. 2006). However, because of an existing environ-
mental gradient in natural CFR habitats, dispersion of the
Argentine ant is clumped, being unable to colonize all
areas. We saw this here, in that half the SU’s in the natural
sites did not have the Argentine ant, and in turn, were high
in native ant species richness and abundance (Tables 2, 3).
Overall, there was a reduction in native ant species abun-
dance at the tree invaded sites, although not necessarily a
decrease in richness.
In this study we see that the invasive Argentine ant and
woody plant invaders generally have predictably negative
impacts on native ant species, as the natural uninvaded
sites always yielded a higher species richness both a priori
and a posteriori. Generalized linear modelling however
shows that there is no synergistic impact on species rich-
ness per se (Fig. 2). Indeed, in late summer native ant
richness was highest in natural replicates where they co-
occurred with the Argentine ant. And yet in winter, there is
a severe decline in all invaded treatments, while richness
stays remarkably unchanged in the uninvaded replicates.
We can therefore conclude that pine trees and the Argen-
tine ant have a seasonal effect on species richness, but this
effect is not necessarily synergistic.
As the canopy of perennial invasive plants is present
throughout the year, Argentine ant abundance and foraging
activity under them are relatively constant over the sea-
sons. This contrasts with the more exposed natural areas,
and where Argentine ant activity is much more variable
throughout the year. The result of this variation in the
Argentine ant abundance is also a seasonal response by
native ants. Yet it is clear from our results that native ants
remain sensitive to Argentine ant even when the abun-
dance of the invasive insect is low (Tables 2, 3).
Much of the response of native ants to the invaders was
highly species specific, with an interaction between inva-
sive alien plants and the Argentine ant on specific species,
either through reduction or complete exclusion, thus hav-
ing an effect on community composition. Moreover, native
species sensitivity to the interactions was seasonal, with
shifts not only in richness but also in community compo-
sition in response to pine and Argentine ant.
Some species were sensitive to the interaction between
the alien ant and alien trees by having low levels of
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Yet other native ant species were highly tolerant of the
aliens. This meant overall that the effect of the synergism
between the alien ant and trees had a strongly seasonal
component.
Which ants are most affected by the interaction
seasonally?
Species most affected temporally by the interaction
between the alien ant and trees were L. capensis, C. ves-
titus-group, Plagiolepis spp., Monomorium sp. 15, Ocy-
myrmex sp. 2. Ph. capensis, Tetramorium sp. 2 and the
T. simillimum-group (Table 3). Other ants, although
affected by the synergism during the milder times of the
year, were reduced in abundance by the Argentine ant in
natural sites yet were abundant in completely un-invaded
sites: Camponotus maculatus-group, Camponotus mystec-
eus-group, Crematogaster peringueyi, and Messor capen-
sis. However, some ants became more abundant in the
presence of Argentine ant and invasive trees together, and
remained so throughout the year: Meranoplus peringueyi,
Monomorium sp. 8, Tetramorium sp. 1, Tetramorium sp. 2,
and Tetramorium frigidum. Some ants which were
restricted only to natural sites were more abundant when
the Argentine ant was present: Camponotus niveosetosus,
Camponotus sp. 1, Monomorium sp. 15, Ocymyrmex bar-
biger, Ocymyrmex sp. 2, Solenopsis sp. 1, Solenopsis sp. 2
and Tetramorium quadrispinosum (Table 3).
There seems to be a continuum of invasion from com-
pletely natural communities, through communities in nat-
ural sites invaded by Argentine ant, through to invasive
tree invasions that have both the Argentine ant and invasive
alien trees, and finally to a situation where the alien trees
are so dominant that most ants are excluded, including the
Argentine ant. However, most of the invasive tree sites
have at least some fynbos understory which is able to
support certain native ants. In contrast, some natural areas,
even with the Argentine ant, seem to stimulate increased
native ant diversity and even increase the abundance of
certain species. However, with increasing tree invasion, the
trees become so dense that most ants, especially the
formicine species, are no longer able to survive, with only a
few myrmecine opportunists remaining. Many native spe-
cies co-occurring with the Argentine ant still persist but
only when there are no alien trees present. However, this is
not true for all ants, with Pheidole capensis, C. maculatus-
group, C. mysteceus-group, Lepisiota capensis, C. pering-
ueyi, M. capensis, Monomorium sp. 15 and Tetramorium
simillimum-group being the most negatively affected by the
synergism between the Argentine ant and invasive trees.
The temporal variations in the presence/absence and
abundance of the native ants appear less a response to a
synergism per se but rather to variations in natural envi-
ronmental conditions. For example, the species that
responded to the synergism correlated negatively with
Argentine ant abundance and positively with naturalness in
Spearman’s Correlation Coefficient.
That native ant richness (though not necessarily diver-
sity) changed between alien vegetation invaded and un-
invaded sites, suggests that these ants may respond strongly
to the degree of naturalness of the site, rather than to the
presence or absence of the Argentine ant, especially in
spring and summer (Table 4). Similar results were obtained
by King and Tschinkel (2006) for Solenopsis invicta which
does not necessarily out-compete co-occurring native ants
in the United States. In the CFR, Argentine ant foraging
activities are reduced during the extreme times of the year
(mid-summer and mid-winter) which allows native ant
species abundances to recover, as these ants are already
adapted to the extremes of the CFR weather conditions.
Nevertheless, it seems that the absolute determinant of
the synergism is the degree of alien tree canopy cover,
especially as the EV’s created by them remain relatively
constant throughout the year, while, in contrast, Argentine
Table 4 Conditional effects from direct gradient analysis on CANOCO showing the EVs which influenced species abundance across the four
seasons
Variable Early summer Late summer Winter Spring
P F P F P F P F
Naturalness 0.002 6.78 0.002 7.79 0.002 5.9 0.002 6.89
Vegetation 0.002 3.08 0.002 2.4 0.002 2.38 0.002 3.23
Arg ant 0.012 2.22 0.706 0.58 0.032 2.61 0.18 1.37
Elevation 0.016 1.68 0.004 2.02 0.004 2.27 0.008 2.15
l.l.cover 0.1 1.48 0.188 1.26 0.508 0.93 0.036 1.86
Shading 0.358 1.06 0.332 1.09 0.628 0.92 0.16 1.33
l.l.depth 0.476 0.86 0.76 0.51 0.776 0.48 0.632 0.6
Natural degree of naturalness, vegetation vegetation type, Arg ant Argentine ant, l.l.cover leaf litter cover, shading % shading of the ground by
the tree canopy, l.l.depth leaf litter depth
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ant abundance and foraging activity vary seasonally and
therefore the synergism is seasonal in its effects.
We suggest a two-fold strategy for controlling the
Argentine ant. Firstly, there must be removal of alien trees
(MacDonald et al. 1985), and secondly, through use of
baited traps developed for this purpose (Holway et al.
2002) in cleared and invaded natural sites. This may, as our
seasonal evidence suggests, help native ant diversity to
return to natural levels.
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